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^ ^^V*^ ^^^m 4-^4. ^1;^^ 7>^^1#^ 

3E. 5 

OFDM. ^tifl7l, ^^V. -^tiV^s)- 
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{APPARATUS AND METOOD FOR CHANNEL ESTIMATION OF OFDM SYSTEM USING MULTIPLE ANTENNA} 

£ 1^ "^1?]:^^ ^^^^^^^^^ ^V-S-^V^ '^l-^*^ ^1^^^^ 

S. 4(b)^ 471121 ^.Aloj-Efl^s. vil til;;^ ^b11i4<^1a-1 ^^^i^ol 

£ 5^ ^ ^^<>11 tlf^ 4^ 711^1 ^^A] ^Efluj-S A>-g.^>^ 2^M^3^^^^V^^ 

^V-S-^l-fe <^l-^-i-^ Ai^^E^^ ^x\^ 
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[^^"^^ 

^ ^^^^ 4^ 711 fil ^>-§-^><^ t-flolEil- ^^^1-^ <^1^^^ Al>^ 

^tl- ^-^S-Ai. S.^1 4^7llS] ^AloVEflM-ollAi ^fl^ ^^o. ;g-^l 

■^^ ^B^^ ^-f<^l -il^^ ^^7lSl- ^Al7l ^^11 

^''^^ ^<^11M<H1 2l«fl cl-^^S. ^^cl-. ^71 i:f^;gS.7l- #7fl^>^ 

7l ^C)l^lc^^A>_^Cl- Al^o^ ^^^7]7]. ^ ;§-fo]l^ o^^^ A>ololl :^^ol 

^] ^^r^. ^3^^ ^^^^ ^]^^^ ^Holx^C frequency 

nonselective fading)^S. Zl^]-^^ ^tfl^^ a>^*>^ ji^ ^4^^ ^-T-<>fl^ 

Aij^o^ ;5i^^7i7^ ^V7l ^cfl ;^lcl^'a:^t:l- g-o> ^V7] o^^^ Al^ A}o]6\] :^^o] 

'^^S^-'^, ^S.^ ^"U^ inter symbol interference)^ ^Tll ^cf. SEtl: ^1 

^-f ^71 ^1)^21 ^51-^ <^^sl ^44- Ai^^ 3^ ojT^C frequency selective 

fading) ^o]^M, coherent) ^V-§-*]-^ ^^sj- 

^<^l^i^ 4]^^ ^-^^^ ^l7l^>7l -f-5j-7l (Equal izer)7> ^^^cf. atb, >^7l c^lol 
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el- ^2j-7lS] ^7>^t+. Olfif ^O] c1.<^ tiV^sl- ^4^«o^^ol]A^ --^ 

^^11- «ll^*l-7l tfl«?>o.^ (Orthogonal Frequency Division 

Multiplexing: o]^> OFDMo]*)- ^^.)^]^^o] ;t|lo].5] o^cf . 

^^1-^^^ ^il^s|-^^^i:^^(Orthogonal Frequency Division Multiplexing, 
t} "OFM'"^]^ IJ-^^ '"^m^^^^CTime Division Access)^)- 

(Frequency Division Access) 7l^-i- ^^^>^ 2^>^ ^ 9X^. ^■ 

OFDMA ^tb z^-z^-o^ OFDMA 43 ^(Symbol )^ 

w._ti}-^2^(sub-carrier)<^l ^^o] ^pgo^ -^-^l]^(sue-channel)S. %<^7^ ^^€4 

'^isitl-, >^7l OFDM -¥--^11^^ :^^i^:e^oi Aj-:^ ^51^^^ -B-^l*>^^i Ais. 

^^^^ r^i^H^ Jl^o] OFDM ^/4S7> ^Ji^ ^^6\] ^^( Inverse Fast 

Fourier Transform, o]^} "iPFT'el- Jl^ ^B^ofl ^^(Fast Fourier Transform, ^1 

^} "FFT"5^ S]^ =^^S\7] nfl^ofl ^/^S«-o] s.-t^9l ^^]^ 7>^*>t:f. 

^5)-^ sflolx^om- ^tfl^ ^A^ofl cfltB 7j-^Bfl ^^1] -^^ c]^!^ 

^^2)- IEEE 802.11a, IEEE 802.16a ^ IEEE 802.16b -f- tfl-g-^ -^-^ -f-^ ^ 

^i^ns^o] no]B\ ^^c^ ^.s^^o] 71^014. 

OFDM ^^^^ ^^S. ^ ^(Symbol) ^^S. ^«r^H , ^ 

^M^^^ c^-^sl -^-tiV^2}-(Sub-Carrier, Sub-Channel )*S ^^^\<^ ^ 
^*>^ c^-^ ^^3^ ^S(Multi Carrier Modulation: ol*> "MCM"<:>le)- ^1^) 
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ol^l- MCM nj-^^ ^-B-^V^ 1950\lcfl 410}- ^-g- Jl^sKHigh 

Frequency) -¥-^^^«fl ^]-^ ^■%-5]SX^^. ^M^^ ^-^^^M: ^^^>^ OFDM 

1970idcfl^Bl ^^*>7l Al^j-^V^cf. 01 e]^ OFDM tzf^ 

«fl:tt|]om M7l ^^<^1 Al^Bfl ^;^17> ^^irf. 3:>^1^, 

1971\i 'Weinstein' ^o] >^l-7l OFDM ^l-S-^V^ ^/4^^ DFT(Discrete Fourier 

Transform)!- oj-g-^Vo^ JL^^^ o.^ ^s)7> 7>^^^ M^I-^'H ^^7] OFDM ^^^<^] 
71^7^01 ^^§1 ^^^rf. SEtt, :a^^^(Guard Interval)^ ^}-%-^^ ^^1 
(Cyclic prefix) ^J:^^ ^cJ-^o] ^yrB^^l^A^ rf^^g^ ^ ;^lo^ ^^(Delay 
spread)^!! tfl^ ^li^^^ ^^^^ '^^-i: c-]^ ^c^aI^ItI] sl^cf. t^e^-^i , ^^7] OFDM «o> 
^•Br -$.1^^ «J-^(Digital Audio Broadcasting: o]^- "DAB"e}- ^if-)^!- c];^!^ 

TV, eT^e^ -i-^^c5-(Wireless Local Area Network: "W-LAN-^let %i^) ^ -^^ 

S.-^(Wireless Asynchronous Transfer Mode: "'H-ATW'<^]^ 

(Complexity)S 9l^}c^ ^}-%-^^] **>cf7> FFT^^ IFFT* S-^tb ^^]^ 
^S. 7]^o] ^:^^o^s.^ 71-^^^c]-. >a-7l OFDM ^^^^ ^sfl^ ^^^^ 

cff' (Frequency Division Multiplexing: o]^} "FDM"<^lef 41^) wj^^m -¥-9Jii 

cf£ cf^ 7l]2] ^liS^^J (Orthogonality)* -fi-^1*>^ ^^^O-^-^l 31^ n 

c^.^ T^s. 3J(|<:>1^ (Multi-path fading) ^j-^V ^^^o] 0X0] jr^ c^jojE^ a] 

AV-g-^]-^^ ^sj-^ A>^oi s^a^olji. ^sj-^ Ai^a^ 5^1 o]^ (Frequency selective 
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fading) ^ ^S. 3l]o]^o]] 7j-5r>u^, <^1-§-^H ^^-i-^ ^^^( inter 

Symbol Interference: c>l^> "ISI'-Hl- '^g^^ '^VMs^- e>:E.^fl<H^ 

^^7l ^>^*>7ll >i;Nl*m ^'=>] 7}^^}^. H^JL <a^i(Impulse)>^^ 

^J-^l-Cf^ Sl^'^^ ^^Al^^efl ^^c,] *-§-S)jl ^MM 

<14> IE 1^ OFDM ^V-g-^m 'a^^jol ol^Jf-A] X\^^9] ^2:1- 

Sigolcf. o]^} ^7] £1* ol-g-sH OFDM ^>-§-^m ^1^1^^^ 

<i5> oj^ajE^ o]^ ^JlS-Ai ^fl^ -^^7l(l00)S- <a^€cf. ^7] ^11^ ^J:7l(l00)^ 

^«-^(S/P-^)(105)S. «a^^T:1-. ^7] S/P-^(105)fe ^1 t§l 

^€:*>J1. ^2:^(110)^ ^^*]:l=l-. ^71 ^S-^(llO)^ ^^^^^^ ^^-^^ 
i^fl^ ^ll^^H ^^^(110)^ QPSK, 

8PSK, 16QAM, 64QAM -^o] ^^fl^cf. ^V7l ^^^^>^ tilH ^7] zi-z]-^ 

tfl-g-^H ^^^^ ^cf. >a-7l QPSK ^^^-B: 8PSK 
^ 3W1HS Htb 16QAM 4^1 n^^^^^. 64QAM 6^1 

HS. ^^^€1=1-. ^2:-^(110)S-^Bl Ajigo. iFFT-¥-( 115)5. 

^7l IFFI7> ^^Slol^ ^7] ^1/^^ ^^^(P/S^)(120)-^S. <^^ns\ 

^^S. ^^^t^. ^71 ^Efls ^^1:^ 

^Aioj.Eflu|.(i25)l- ^^^cf. 

<i6> ^7] ^^<y:Efli4(i25)s.-^Bi ^a^i-^ ^^tveim-dsooii sisii ^^^t^i. 

^<0ol:Eflx-|-(i30)o)l o^sfl ^Ai^ S/P-¥-(135)<Hl »gl ^Bfl* 7>^1^ 
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^^^■^ ^7] 4]^*^ FFT-^(140)S ^^^cf. ^^-71 FFT-^(140)S. 

^7] FFT ^19%!: ^, 4^^(145)^ ^^^cf. ^7] 

(145)^ >a-7l ^2:^(110)^ ^7] nfl:^ ^^^^9^ ^'^^ ^7] ^^^^9 

7}^]JL 9X^^, ^7] ufl^ ^^^^IE<H1 ^7] ^^^^ o]^ a] HI- 7H 

^(i45)<Hi si\^ 42:^ ^1)^ ^^7i(i50)<^i ^^^i 

^1 ^^%4r ^^^H Jl#^^ c-11o]e^ ^X\o] o]^oi;^i7ii ^Vcf. ^V7l ^11^ ^^71(150) oil 

^11^ ^^tl: '^l^^'fil-a: P/S^(155)«^l sl^ll 3]^ ^Bfll- 

#S ^, 4^71(160)0)1 431€t4. ^^71 ^11^ 45171 (520)S. <U^^ ^7] 

<17> :£ 2^ 4^^71121 oJ-Eflul-l. A>-g-s:H OFDM «o^^ «^1 ^ tfl CllolEil- ^=^Al^V^ 

*^1^*^ Al>;Ejo^ £Al*>jl o;icl-. ol^]. >^7l £ 21- ol-§.§>o^ 4^71121 

oVEflm- A>-g-e>o^ OFDM 1}-^«^1 no]^m: ^^^*>^ <^1^-^^ ^l^i^^oll i:fl«fl -^oV 

<18> ol^> Al-g-^><^ t-11<^lBl# ^^^^1-^ ol-g-*^ ^1 

^^j<Hl tfl^ll ^^*>7Hl *>i4o^ AV-g-^vc^ tfloiEi^ 4.^Ai^>^ oi 

<19> [^tj-il 1] >'C")=^C")''C")+«C") 
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^7] y(n)^ ^^'^VtflM-'^l^-l n^l^oi] c-flolE^l- slnj^l-D^, ^y] x(n)^ 

'^1^171- ^^5flii $;gofl itj-s. n>«'l^<^l>««i2l <^^* ^i^1«^>i^, ^71 n(n)^ nA^oflA^ o;] 

<^^^ i> ^■ A^V7i ^<^^^^ ^<=>]^]^ -^^y] ^^n^i^ 

h(n)l- 'S:!! ^<H<=»> tbi^. o]9\. ^^*>7l ^«fl oi^f-^A] Al^B^o^ ^^Ai 

^oIlAi o^JL oj,^ DflolEll. ^4^^0.SAi .^-71 h(n)l- <'^7\] ^Cf. o] ^> >a-7l ^Jl 

cll^l^i^ ^^^^(training symbol )olBl- ^t^. ^7] h(n)l- <a:7fl£l^ o]^ o]^^ 

Al A]>,Ejo^ ^^^^ ^^^^S^E^ ^^^^ tflolEl^ ^^^^1 ^ 0X7\] ^Cf. 

>a-7l £ 2 oflA^ ^3^^ W>Sq- :^o] 7llSl ^A] Z]-Z^-^ ^344^« 

71-^1^ 7l]^ ^^^Bl-Csub-carrier)*^ ^l-g-^V*^ tiWlE^* ^^t]:i=1-. ^^7fl2l ^ 
oj-EflM-l- A>-§-^>^ ^7] OFDM 1]-^^ ol^-i-^ Al>hE^oflAi 7flS] 
^7l 4^ 7flS] ^Aloj-Efl 14011 ^^^rf. 

^2:^l-(200 ^:^] 204)^ ^^^^ ^^#1- ^2:^<^ IFFT^-i-(210 214)5. ^ 
IFFT-f-i:(210 xfl^l 214)^ <a^^ -y^** IFFT^^^>o^ z^-z^-o) ^Aloj-Efl 
M-#(220 i^^l 224)^ -i-^ ^4^t!:i=1-. ^ ^^^tflM"i-(220 ^^1 224)S^El ^a]^ cfl 
olBl*^ ^^«?l:Efl 1^-^.(230 ifl^l 234)^ ^«fl 4^^^^-. >^7l ^^^tllM-#(230 vfl^l 
234)^ n^^^ cflolEll-^ FFT-^-i-(240 2UM^^ FFT ^^^^ ^^tb ^, ^2: 

-¥-l:(250 i^^l 254)^ ^^^cf. 42:-f-i-(250 vfl^^l 254)011^^ ^^1"^ ^fl 

^ ^^^#(260 vfl^l 264)ollAi ^fl^o] ^xg^cf. 
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<24> >^7l ^Aio]-Eflu|.*(230 vfl^^l 234) ^2]-^ ^^<^^n^^(220 224)^-^^^ 

€ cflolBls.^ 4^^tl:cf. ^, ^>7] ^^<?]:EflM-(230)^ ^^<a:Eflufs.(220 xfl;^] 224) 

S-^el cfloiBl-i-* ^>a*>Jl, ^71 ^^«y:^lM-(232)^ ^7] =^^^Bim*(220 ^ 

224)^-¥-Bl cflclE-ll:^ ^^tb^. ^^<?>Bfl 14(234)^ ^^7] 

^Aio>Eflm:(220 Ml^l 224)^-¥-Bl c-flolBls.^ ^-tltbcf. 

^^tl-^VtflM-^l ^7] 71-^^ «.^^Il|.o^ 7fl^7]- A7llolJl ^^oVEfll4 

^ 7ll^7> B7flolig, ^«>^ O.^ ^>u|.o^ ^^O-^VEfll+ofl^ ^^^^^ A/B7fl 

<26> 

j^^^^ 2j x"(/») =[0 -.- O V jci- ..- xZ, O •• xf^,., x;^^ 0 •-• O]' 

<27> 2> ^ OFDM IJ-^* ^]^^^ AliEfl<Hl 7>^^ ^a>^ 

Sl-I- S^^V^ ^''C")^ K7ll^ 7}^]^ OFDM <^l-§-^}-^ ^Ir^^d 

•^l-H P^^ tJr^lH-'^l^i n«i^ ^^5]^ ^^^^(training symbol)^ ^^"^t^. 

^7] ^11^ 4-^^ -¥1*11 ^7l Al^E^o:| ^^Al^ol] <^Jl Ajig^ ^S^M. 

^^tt 7M^ «.H]-^3|.<H1 ^^W. <^4h<bl 2> 

<HlA^ ja^lJi sz^ H>sq- ^o] -¥-^^2|-#oi 7].^^ ^o] o>u|e). <gw-o^ 
sl-^ovoi 7}^i}v^. ^7] <^*h^ 2> <^>>A M.o]JL 9X^ wj-ssf ;y:ol ^ 
DC 7>;^]^ 7>^x:Hl 7fl£lolsq- ^^2] 7lle)<H-i-^ >^i-7l ^^tl-BflM-l:(220 ifl^l 

224)<H1 ^^3^1^1 ^^t^. n^^^^ ^7] ^^^^ofl ^xg- 7}^^ O}.^2).s.o) 2Ar„ 
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om-. ^y] 7^^7} ^-ef^ t\^Q^ ^^<y:BflM-'^l^^«7fls1 ^7] ^^^^ 



\/^.Sl 3711- ^2131 ^^^olB^, ^^^Cl- M-El- 

£ 3^ <^^-ii 4> oil ^^t]:tflM-7l- 3711^ yi^<^] ^7] ^^<^d^]M^ 

^^•^Mi ^^^^ o^Cf. ^1-71 £. 3oll>H ^olji o;^^ ti|-<4 :^ol 

-^7] 5q- ^^tl^tfli^l-^ 7}^ -^^^s}-(virtual carrier) DC -f-^^^(DC 

carrier)'^^<HlAi^ ^^]o]b]7} ^^^^] iojji ojcf. Htb <^^^ 4> <Hl 

^^7l ^5^^* ^^^^i-i-^ 711^7]- 127fl<a :^ ^ 

^^tflM-^ 1^^, 4^>5fl. 7^^,10^^ ^^'a^-i-^ ^ ^*fl ^^^BflM-^ 

2«i^1|, 5^^. 8^^, ll^i^ ^fl ^^^tflM-^ 3^^, 6«i 

^^Sl^ ^^^'i-i-^ nl-^ *^^^^l-(training symbol group)<^lBl- ^^-71 ^ 



<28> 



<30> 
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<34> IS. 11 









^-yohtllH- 3 






hll 


h21 


h31 


hNl 




hl2 


h22 


h32 


hN2 


^A|0|-B1|U|.3 


hl3 


h23 


h33 


hN3 


^A|OJ-E||U|.M 


hlM 


h2M 


h3M 


hNM 



^11^ i^lSS^ ^(spatial channel matrix)Bl- ^7] <3L 1> <Hl>H 

w>S!l- ^}^^ ^^^BflM-^ 4^^711 ^^^Efli4 

^ #«^]7i ^«fl 4^ sjofl >^7i ^^-a^i-* ^^^^-^.s^i <^i^*>]^4. 
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<36> IS. 2] 













Tl 


^^-a^::!!- 1 


^^4J^^l- 2 






T2 




^^^t::!!- 2 


3 




T3 


*S4J^^i- 1 


2 


^^41 ^^1- 3 




T4 


ss^y^^i- 1 


^^-yw^i- 2 


*^4l^^l- 3 





<37> ^7] <S 2> ofl^i :ao]jl oj,^ aVsq. ^ol ^7] ^7] 

<38> Aj.7l ^Alcj-Eimi- Z|Zl-^ ^^<?>Eimo1]A^ ^^t[jL ^7] 

^^^"Sl-Sl ^oll o^^ Aj.7l ^11^ ^Vrf. ^^^^ 4^ 

^11^ ^^^^ ^7] ^^^^Eflul-ollA^ ^^43^* ^^-S-HE ^^Sl-^ 

^^'^rtflM-'^l^i ^^sl^l ^^^<^1 ciltb ^^^51-cHl cflt!: ^11^ 

<39> 371121 ^>tl<y:Ellu|-l- 71-^H, 1271121 J^^^j^S.^ 7l-;^l^ Al>,e^o)lA-l, ^^-71 37ll2l 

^Aioj-Eflul-s. ^ ^ Bl^fl ^^<a:EllH-^ 1271121 «-a>^Bl.s.^ i^^, 4^;5,|1^ 7^^^ 10«1 
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S.^^ 1^^. 4^1^. 7«1^. 10«i^ ^7] ^S.o\] 

tfl^ ^11^ ^^^^ ^ ^1^. s>;^l'?l: 2«1^, 3^^, 5'?!^. 6«1^, 8«i^, 

9«i^. 11^^. 12«i^ -^^^2)- cflSflAi^ ^1)^ ^;gol ol^o^^l^l ^Tfl ^cf. 

^ ^^^^^1 ^^^^ ^11^^ ^^^m Ja.^'^C Interpolation)-!- ol-g-tt^f. *>;^1 

^ o] ;g -foils 7}^7^^ ^Mt^^h «^^oflA-l^ ^71 
>^>-§-^ ^ ^Tfl 5] 51, o]s oigfl ^1],^ ^:^SLy^iy]. ^7}t}?\] ^cf. £ 4(a), (b)^ ^2fl 
ol-§-^V<^ ^11^ ^^tV ^4* ^71 S. 4(a). (b)^ 47flSl ^ 

^ t]:EflM-<^l ^^^'ilroj ^^5]j[L SX^-i 9X^^, ^<=>] 



^]^]^ ^i^^l ==r^^ ^ ^ i}-'^* ;^|<?Vf-«^l si^-. 
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^11^ ^tb 7fl^ 7fl^ ^^*>ji. 

711^ ^^^'i::!!-** ^^«r>^ ^^^^l-. ^oM 7fl^ ^ 

^7l ^Al^ ol^^Vc^ ^fl^ =^^^*>^ ^J-'^oll ^7l 

^^sj-l- z^-z^-ofl cflt!- ^fl^ -2.^>*^ ^7] ^m^"^^^}^ 

^11^ ^ti: 7flsi 4^ 7fl^ ^^^'ini-i-s. ^^*>ji. ^7] 

9X^^^, 4^ 7fl^ .^7] 4^ 7fl^ # <Hi^ 
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*^1^> ^ «>^^^ ^^1 ^^1 ^^tl:^. 

:£ 5^ ^ ^^^] 4^7flsl o>Efli4* 7>;^1^ OFDM <^1^*^ ^1 

^E^o^ £Al^>ji oj^cf. ols>, >^7] £ 5# ol-S-^V^i ^ ^^^o] a^-g-s]^ OFDM «J- 

£ 521 4^>0^^ ^al)7l(500)5i}- ^^7ll2l ^^^#(510 ^:^] 514)5q- 4^^71)21 
IFFT-¥-#(520 vfl^l 524). ^^7]\S] ^^oy^]]i^^(520 524)5. ^^^^<^ 9X^. 

4^71121 ^^<y:Eim-i:(530 534)^4 4^7fl^ FFT-^-i-(540 ifl^l 544), ^^^^fl 

51 ^3:^S-(550 tfl;^] 554)^ j^sIji 4^7fl2l ^fl^^^7l#(560 ^fl^l 564)S. ^^^5]^ 

^«I1 4^7flSl 5fl^^^^7ll-^ ^^J*>J1 9X^. 

^7i ^tifl7i(5oo)<Hi^ 4^7i)si ^^>a^zii-oi <a^^ri.. >a- 
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<5i> ^7] <^*j-^ 2> ^ ^o] ^^7] OFDM«J-^# ^V-g-s}^ ol-S-f-a ^>-§-*> 

^ ^^^tJreflul-ollAl ^ 7])^^ ^'7flt:f. ^7] 

^Aloj-Efluj-oll ^^S]^ <?1^5]^ -^^^3x1-1- ^^^>X] ^Jl, ^^7fl 

^ <^^^ 4> o\]^^ 7]^^ji 51^1^, oi^> ^^oii^i^ ^^-y'i^ 

7l#s:>7lS tl-cf. ^V7l $^^igol 3.7)1- 7M ^^<=>\] ^* l<^le^- ^ 

7l 37l» 7>^1^1 0^^ ^r^. 

-¥-^^2}- 1 iflx] ^tiv^iii- 64)21-^, 47)1^ ^^-a^m-c.] ^7] z^-.^^^ig 

<53> 5-^>a^Iif-l: ^«l-^s|-2l wi31=4a+l (O^a^lS) 

<54> ^^^^zil-2: ^^4^21-^ ^S=4a+2 (0^a^l5) 

<55> ^^^^ZLl-3: ^^=4a+3 (0<a<15) 

<56> ^^^^^^11-4: -?-^^2|.2l wi:&= 4a+4 (0<a<15) 

<57> ^7] ^^^^m-^^ ^71 ^Hll7l^ *a^^nl-. ^71 ^till7l^ <a ^ ^ 

^^zLi-^ ^^^^ ^4^^^^m<^i ^^711 si ^^7]^s. ^^}^o_s. ;s^tbi=i-. ^1 

^Mii7l^ ^V7l ^J^^ ^i^J-^>°l. ;^-l^J-^ ^^^^^1- 
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=L^-i: ^3:7l<^l ^^tbcf. <a 3> ^ -^71 ^wfl7l7> ^7] ^'t^]^^^^] nj-ej- 

^oM ^4^7]]21 ^^7lS- ^^s:>^ M-Bl-tfljl S^Cf. 

<58> is. 3] 











^2:714 


Tl 








^^41^^1-4 


T2 








^^^J'S^wl 


T3 






^^-y^^i-i 




T4 











^7l <S 3> ofl^i noli o;i^ H>S^. ^o] ^y] ^2:711^ ^^^l^?]: TH^i^ 
>aigZL-i-lol ^^^JL, ^^^]^ T2<^]^^^ ^€'a^:i-i-27> ^^^cf. at!:, ^^-71 ^2: 
711^ ^^^1^ T3'^lAi^ *^^^3ol ^^A]^ T4ollAi^ ^^^^471- 

^7l ^tifl7l^ 4^5] 'a^Slfe ^^^^m-l:^ ^«ll7lo]l t.VHl 

^S-¥-i-(510 ^:^] 514)^ ^^^'i^* ^2:3:^ IFFT-f-i:(520 524) 

^^tVcf. ^oM IFFT-¥-lr(520 vfl^l 524)^ IFFT^W^ ^ 

Aloi-Efli4^(530 ^fl;^l 534)^ ^^tb^^. 

^<^1 ^^'^<^lAi^ ^^7l]Sl ^^a-^ltflu}-!- Z1-Z1-O.S S-^ ^^^a^g* 
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M-71- 47fl7V ^^fl^VZL. ^o^7l Z^- ^Al<y-Eflu).^S. 167fl5^ ^fl^^ ^^l- ^^^Cfc^ ^0^-71 
^11^^^7l^ S;^Al:goflAl 64711 ^fl^ol] cfl^ ^1]^ ^^§>o^c> ^cf. ^].^li?> ^ 

^^•^Mi^ ^'^fil >a-7l ^11^ ^^7l^ *>U|-^ 4^^<?>tllM-S.^El 

^y^o\] cflSflA^ 7l#^t:l-. ^7] ^^7l^ ^Al^a 4^ Sloll ^^4]^^ 

1-^ <^l-§-*><^ ^11^ ^^t!:cl-. ^^#sl-oil cfl^ ^1]^^ ^^^^o] 

^ ^^^^5+ ^^71 ^^'a^'^l ^%^^] ^^^^7} 9X^. ^7] ^ 

^ ^>Eim^ 711=^51- ^^^^S. ^^^V^. ^7] ^11^ ^^i7l^ 

17M ^^^a^of 5£^£)^1 ^Jl ^4^^ 7>^t:l-. >^7l ^^'a^ 

Ol i^^^l -^^4^^^ 711^^ 4^^«y:ElM^ 7ll^:a.Cl- ^l-uj-71- ^Cf. ^7l 

^11^ ^^7lS. ^^V^Bl-i-^ ^^tb ^Sli# 71-x^lxl ^^14. ^>7l ^^^igo] 

i^Slol «.aV4.5l-^ ^5l£# 7}-^lJL, >a-7l ^^^^©1 i^Sl^] ^JL 

7>^t:l-. vc^^M, ^7] ^^71^ 
ofl 7>^^1» ^ji. o]6]] nl-el- ^11^ ^^^^ ^l-c^o) ^t\.. 



<63> 



!,„„A (1) = X.2„„,^ C2) = (3) = . - . = X,-^,,,^ (A', ) 

l.„„ (1) = X,^„„,^ (2) = X^„„,^ (3) = . - . = x;„^^ ) 



(3) = • - = X,';i;;i (AT, ) 



[^^^ 5] 
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<64> ^7] 5> ^]^^ ^0]JL «>Sq- ^O] S.^ Al^<:HlAi l^Al<i>Eflq-5. ^ 

u|.ofl <^^^ 6> 3). :y-ol ^Ai^cf. 

<65> 

[4-^^ 6] 

^ K>K ^>^* ^e^oil ^^^t ^ 1^1^ ^^E.^ L^^ K>L^t* M- 

^\fi^. ^^tl: «>5+ ^<^1 ^7] OFDM 7fl^« 2ltil^>jL, ^7] 

^4. n«i^ Al^<HlAi pHl;5fl ^^<e]:Bfli4S^El qwi-5q] ==^Alo> 

<67> 

[4^*)-^ 7] 
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<68> atb. -^^1- <^^^ 8> '^i ^«fl ^ 

<69> 

= li'/.'»C'»)-i-e"''C'»> 

[^«^^ 8] 

."■^C")^ ^11^ -^^V* ^^S^^. SEtb ^^^m^^VCmeans squared error)^ <^ 

9> ^o] ^ oicf. 

<71> 

[4^^^ 9] 

<72> >^7l TCO^ tflZ]-:S4l^# ^ *>C»1 ^EiS. ^JVJB^ '?!'t>;^>» ^^^^^ , ^7] 

^c-)fe sg^^ ^^>^ °^^7l^l- slDj^rf. ^7] co^^ ^^<^1-^J- 
(conjugate-transpose) '^^^]-<^m-. ^Hfl^ n^^*>^ ^7] ^ 

^]Z}-<^] ^i^ ^* 7>^l7fl ^cf. o]^7]] Ai^ofl itfel- ^11^ ^ 

^SL7i}7} AlS. 1=1- S 711 ^Hf^ ^-f ^7l ^11^ ^^-S-^Vl-^ 

#1*1-^ ^V^ ^a.^-, ^11^ ^:^^^>S1 AlS) 

ji^^H ^1)^ ^-2.3. ^^i^^m ^ ^T^f. IC1-S1--H. ^71 i^fl^ ^;^7l 

*^ ^fl^ ^^i^>fi1 ^S)£«ill cq-e^. A^s. t:l-€- 7>^^1S ^71 7}^^]7} 



36-22 



1020030028275 #^ 2003/7/15 

<-^Ai io> s\. ^o] - o;^cf. 

<73> 

= h^.* -I- H'' * 

i^n^ 10] 

min }} 



<75> 



i^n^ 11] 

<^^^ 12> sq- ojrq._ 

<77> 

[^t?-^ 12] 

<78> ^7] 12> a.olJl ia><2f ^^^ig^ 

^7l ol:^:f.Al Al^^e^o^ ^fl^ ^;^7loflAi^ ^fl^ 0^7]] ^ 
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;^^tlr ^^^^ ^ ^cf. 
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i^i^^^ 1] 

^o^s 1- ol>a-2l ^Aloi-tim^ A>-g-*H ^^^}^ ^^^^^^^^^ 

Al>iBflollAi, ^7] ^>0<y:Efluf5l 7fl^oll Cfl-g-5|7l] ^11^ 4^ 7flSl ^^^^ 

1:* 7fl2^ ^^^'iHl-l-^ ^^*>J1. >a-7l ^^^J'illl-l-^ ^^^^>^ * 

M-^ ^Aiovefli^oil o]^ <^^^ Al^^V^ o.^ ^Hi^^J ^^^>^ 4-^0.^ '^l^*^^* 

^S. ^^7] 1}-^ . 

2] 

l-ol] ^*fl A^S. ^^£1^1 ^711 -^Alofl ^4^^^ ^^^S. ^7] 

3] 

^]M^S. ^^^^ ^^^S. «o>'S. 
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[^^^1- 41 

^71 yj-'S. 



c, i = (m — \)N, + /7 
0 otherwise 



i^n^ 131 



[^J^^J- 51 

^^^^ ^^-^s. t}^ >a-7i «<j-^. 



61 
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^^^3}-* ^^<^1 cfltb ^fl^ ^^Vl-* ^^^^>^ 

[^^^J- 71 

S *m ^7] . 
8] 

^^^^ ^^IJ^S ^J-7l 

9] 

^1 8%H1 ^7l ^fl^ j2.^>» ^^^«>fl ^7l ^^4^4#<^1 
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101 

^<H:£ # ojAj-o^ A>-g-^>o^ cflolE^l- ^^^>^ ^iil^2l-=T^^^cf# 

^^71 . 

11] 

10*J-<^1 9Xo]^^. ^7l ^Bfl7l^, 

^71 7llfi^ ^^-y^Hl-*^ 7fl^^ -^7] 4^<0oVEfli_fS.oll o^^ ^ 

^5]^] ^711 ^Alol] ^^^^ ^^I^S. ^1-^1. 

12] 

^^7] 4^71]^ ^7] 4^ 7fl^ «^>EflM-l:<Hl ti\-%-^7\\ ^^>^o.^ 

^7l ^■^^s. ^71 ^^1. 
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i^^^^ 13] 

^^^^ ^^-^s ^j-Ai. 



[^eVAi 14] 
[^^^j- 141 

-^71 7]\^st\. ^o^^ ^^6\] ^^^oll 9X^, 

^ ^^43^^ ^4^^* ^^^s. ^7l 

[^^^%^ 15] 

^^71 «.«V^S|-»# ^Al^l-Ji, ^7] ^^^^^^ ^^*>^ ^o]S. ^>M- O] 
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tut!" ^^j^vji. ^fl^^^^^> 

O.^ ^j.^] 

[^^•^ 161 

^1 15^^^] ^<^^^, ^7i ^11^ ^^7i^, 

17] 

^1 16^<=>fl ^7l ^fl^ ^^7l^. 

>a-7l . 
18] 

^1 17«J-<^1 ^<^A^. ^71 ^11^ ^^7l^. 
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